Abstract
INTRODUCTION
Colorectal cancer (CRC) ranks as the most common newly-diagnosed cancer in Europe and the second most common cause of cancer death in Europe [1] . Screening for early detection and removal of premalignant adenomas or localized cancer is crucial to reduce morbidity and mortality associated with CRC [2, 3] . Colonoscopy is the current gold standard when non-invasive methods are positive (i.e., faecal occult blood test, FOBT) in colorectal cancer population screening programs (> 50 years in Italy) and is also recommended and used as a primary screening modality [4, 5] . The success of colonoscopy is largely dependent on the level of bowel cleansing [6] . Adequate visualization of the colonic mucosa requires a clean colon with no solid or residual brown liquid that could mask a potential lesion. It has been demonstrated that inadequate bowel preparation is associated with lower adenoma detection rates, incomplete colonoscopy or more technically difficult procedure [7] [8] [9] [10] . A major concern is that detection of lesions in the right colon can be missed due to inadequate bowel preparation [11] . The quality of bowel preparation depends on the compliance of the patient, the type of bowel preparation and the timing of ingestion [12] . Polyethylene glycol (PEG) solutions are widely used as they are safe and effective. However the large volume (4 L) to be taken may be a considerable burden for the patient. In clinical practice the reduced tolerability due to large volume and salty taste of PEG solutions may lead to low adherence to the instructions by patients, they drink less than the correct amount with the result of suboptimal efficacy [13] . Different low-volume formulations have been used such as sodium phosphate and magnesium citrates. They appear to be better tolerated but these solutions should be used with caution in frail patients or patients with renal failure as they can induce dehydration or electrolyte imbalance [11] . A more recent option is the addition of ascorbates to the PEG solution or the use of bisacodyl (BIS) for low-volume bowel preparation [14, 15] . Also timing and dose administration improve the overall performance and acceptance of bowel preparation [16, 17] . A split dose regimen, in which the first half dose is taken on the day before and the second half dose on the day of procedure have been shown to be more effective for colon cleansing than single full dose administration on the day before. The split dosing rule appears to be valid for any type of bowel preparation [18] [19] [20] [21] . A new iso-osmotic sulphate-free PEG electrolyte preparation with citrate and simethicone (PEG-CS) is commercially available to be used with BIS tablets to achieve optimal colon cleansing with threefold mechanism of action [22, 23] . BIS has a stimulant effect on the colonic motility, while PEG and citrates act as osmotic agents and simethicone favors the foam coalescence improving mucosal visibility [24] [25] [26] [27] . We therefore compared the efficacy, tolerability and compliance of the new low volume procedure with BIS plus PEG-CS solution versus standard 4-L PEG in patients undergoing screening colonoscopy.
MATERIALS AND METHODS

Subjects selection
Eligible subjects were those referred to colonoscopy as a second level examination following positive FOBT or as a follow-up for adenomatous polyps in the CRC screening promoted by the Veneto region, from December 2009 to January 2011.
Subjects were excluded if they had a history of hypersensitivity to PEG or any other ingredient of products used in the study and other labeled contraindications of the commercially available products.
Ethical considerations
This study was conducted according to the principles of the Declaration of Helsinki after obtaining approval from the Institutional Review Board. Written informed consent was obtained from each subject.
Study preparations
All patients were instructed to follow a low-fiber diet for the three days preceding colonoscopy and to drink only clear fluids after starting the bowel preparation.
PEG-CS is an iso-osmotic low volume sulphate-free bowel preparation consisting of PEG 4000, citric acid, sodium citrate, sodium chloride, potassium chloride, simethicone and flavoring agents supplied in four 64.5 g sachets (Lovol-esse, Promefarm). The powder for oral solution must be dissolved in 500 mL of water. This product is combined with BIS 5-mg tablets (Lovoldyl, Promefarm) for full bowel preparation before colonoscopy. In this study, a split dose regimen was used: BIS 15 mg at 16:00 and PEG-CS 1 L at 19:00 the day before. On the day of colonoscopy, PEG-CS 1 L at 7:00 for colonoscopy after 11:00.
The reference preparation was standard PEG electrolyte solution (Isocolan, Bracco), given as split dosing, i.e., 3 L at 17:00 and 1 L at 7:00 for colonoscopy after 11:00 (Table 1) .
Study design
This was a randomised comparative investigator-blind study including consecutive outpatients undergoing screening or follow-up colonoscopy at the Department of Gastroenterology and Digestive Endoscopy at Santa Maria del Prato Hospital in Feltre (Belluno, Italy).
At the time of registration, subjects were randomly allocated in a 1:1 ratio to receive PEG-CS plus BIS or the standard PEG 4-L. Randomization was computergenerated; eligible patients were sequentially numbered and received the corresponding preparation by a nurse in order to ensure adequate concealment.
Study medications were supplied to subjects using the commercially available preparations. Study investigators were kept blinded to study medications and subjects were asked not to reveal the preparation used.
Subjects visited the departments on 2 occasions: enrolment (randomization) and on the day of colonoscopy.
Medical history including concomitant medications, physical examination and vital signs were taken at baseline and on the day of colonoscopy. Subjects received oral and written instructions on the use of the bowel preparation including dietary advice consisting of a 3-d low-fibre diet followed by clear liquids on the day before colonoscopy.
Safety evaluation was based on reporting of adverse events and adverse drug reactions using a standard questionnaire during the visit before colonoscopy.
On the day of colonoscopy the patients were asked to fill a further questionnaire to provide information about whether or not they experienced gastrointestinal (GI) symptoms such as nausea, bloating, and abdominal discomfort, the amount of solution actually taken, difficulty to complete the preparation (3-point scale), taste (3-point scale), willingness to repeat the same preparation in the future (yes or no).
Bowel preparation was evaluated using a 5-point bowel cleansing rating scale for each colonic segment (caecum/ascending colon, transverse, descending and sigmoid colon, rectum) [12] . The overall quality of cleansing was based on the assessment of the individual segments using the grade A = all segment clean (i.e., scores of 3 or 4 in all segments); B = brown liquid or removable semi-solid residue (i.e., score of 2) in 1 or more segments; C = semi-solid only partially removable in at least one segment (i.e., score of 1); D = presence of solid stool that can not be removed (i.e., score of 0). In case of D the exam has to be repeated.
Although we used a validated rating scale, the degree of cleansing remains a matter of personal judgment. In order to minimize this potential issue, four experienced endoscopists (> 5000 procedures in their career) participated in this study after training with the same rating scale by using a set of endophotographs of different segments with various degrees of cleansing.
In the primary analysis, successful bowel cleansing was considered as overall cleansing score equal to A or B. The primary objective of the study was to compare the degree of cleansing of the bowel preparations. It was also assumed that the low volume prep might improve tolerability and acceptability.
Statistical analysis
The study was designed as a non-inferiority study and sample size was based on an expected rate of successful bowel cleansing of 80% for both groups. Based on practical considerations, the non-inferiority limit was specified as 15%. In order to reach a 80% statistical power with a significant level of 5%, and taking into account a dropout rate of 10%, no less than 136 patients were needed in each arm.
RESULTS
Overall, 280 patients were randomly allocated to receive BIS plus PEG-CS (n = 140) or standard 4-L PEG (n = 140). Colonoscopy data were not available for sixteen patients who did not show up and no information was available with regard to bowel preparation. Therefore 264 patients were included in the analysis of the primary outcome (138 in the PEG-CS and 126 in the 4-L PEG) ( Figure 1) .
Comparison of demographic characteristics at baseline show no significant differences between the two treatment groups [PEG-CS: male 59.4%; age 63.6 ± 7.1 years; body mass index (BMI) 27.3 kg/m 2 ; 4-L PEG: male 64.3%; age 61.3 ± 7.7 years; BMI 27.7 ± 4.5 kg/m 2 )]. Bowel preparation was successful (grade A + B) for 92.8% of subjects in the PEG-CS group and for 92.1% of subjects in the 4-L PEG (RR = 1.01; 95%CI: 0.94-1.08) ( Table 2 ). There was no statistical difference with regard to the primary outcome of the study also for the grade A alone between the two groups. Bowel cleansing scores according to colonic segment are shown in Table 3 . The rates of excellent score were higher for 4-L PEG in the caecum/ascending colon (P < 0.02) and in the sigmoid colon (P < 0.02) compared with PEG-CS.
A numerically higher number of polyps was observed both in the right and left colon for PEG-CS than 4-L PEG though no statistical difference was found between groups. No adverse events were reported in the study.
The rate of patients with bloating or any GI volumerelated symptoms was significantly lower following 2-L PEG-CS + BIS than 4-L PEG (Table 2) .
A greater rate of patients in the PEG-CS + BIS had no difficulty and/or were willing to repeat the same preparation than split-dose 4-L PEG. Subjects in the PEG-CS group rated the prep as good or satisfactory in 90.6% as [22, 23] . There are important differences with earlier trials, regarding the PEG-formulation and the dose regimen.
PEG. Previous studies have shown that BIS tablets plus 2-L PEG-CS given the day before is equally as effective and safe as 4-L PEG for bowel cleansing before colonoscopy
First, the formulation of the low-volume PEG solution is different from the standard 4-L PEG. PEG-CS is sulphate-free, contains new active ingredients (citric acid, sodium citrate and simethicone) and an higher concentration of PEG per litre of reconstituted solution than the traditional PEG formulation. From our data, there is no clue to determine the relative contribution of BIS tablets or any other ingredient of the bowel preparation for bowel cleansing.
Second, this study compared the split dosing regimen for both the low-volume and reference bowel preparation. According to ACG guidelines, split dose bowel preparation enhances the quality of bowel preparation and therefore is now recommended for all patients undergoing screening or surveillance colonoscopy [2] . When a part of the bowel preparation is taken within 4-8 h of colonoscopy, there is a better cleansing of caecum and the ascending colon compared with traditional dosing schedule of the day before. With such regimen the long interval of > 12 h between bowel preparation and colonoscopy allows the flow of intestinal secretion across the ileo-caecum valve and yellow fluid cover mucosa of the right colon. For the full-dose, we have used an unequal split (PEG 3-L the day before and 1-L the day before the same day) which have been shown to be effective but more feasible as it allows to perform colonoscopy shortly in the morning [29] . In our study BIS tablets were taken in the afternoon before, 1 L of PEG-CS was taken in the evening and compared to 77% in the 4-L PEG, P < 0.01) ( Table 2) .
Subjects receiving PEG-CS stated they fully adhered to instructions drinking all the 2-L solution in 97.1% compared with 87.3% in the 4-L PEG (P < 0.01) ( Table 2 ).
DISCUSSION
This study shows that a new isosmotic 2-L PEG formulation with citrate and simethicone plus BIS tablets was as effective as split 4-L PEG and electrolytes for bowel cleansing in subjects undergoing FOBT-positive screening colonoscopy. The low-volume formulation was associated with better tolerability, acceptability and compliance to instructions received for bowel preparation. Complete bowel preparation is an important component to ensure high quality in colonoscopy and minimize the risk of missing polyps and lesions [9, 28] . Current PEGbased bowel preparations are safe but inadequate bowel preparation is common with about 25% of patients with inadequate colon cleansing and about 4%-5% of patients who have to repeat colonoscopy [7, 8] . However the large volume of fluids, salty taste and difficulty to complete the preparation remain a deterrent for patients undergoing colonoscopy and to a greater extent for asymptomatic subjects invited to a screening CRC program.
Efforts have been made by the pharmaceutical industry to satisfy the need to reduce the burden and make PEG bowel preparation easier and more acceptable for patients without changing the level of efficacy and safety.
The new procedure based on BIS tablets and split PEG-CS appears to be a valuable option. In our study it provided a level of overall cleansing similar to split 4-L 1 L in the morning about 4 h before colonoscopy. The important finding of this study is that for the first time a 2-L PEG preparation administered as a split-dose was shown to be as globally effective as 4-L PEG. Although this finding needs to be confirmed in future trials, a better cleansing in the right colon may favor the detection of small or flat lesions which are more likely to remain undetected compared to other sites of the colon [9, 10] . Any new low-volume bowel preparations should also be evaluated on the grounds of safety, tolerability, acceptance and compliance.
PEG-CS is an osmotically balanced PEG solution and therefore it is less likely to induce electrolyte imbalance as compared to bowel preparations based on sodium phosphate, magnesium phosphate or hyperosmotic PEG solutions. Based on vital signs, haemodynamic data and lack of extra-intestinal adverse events, no safety issue was identified in this study for both bowel preparations.
Similarly to standard 4-L PEG no issues of safety, in particular electrolyte imbalance and dehydration are associated with the new formulation.
The new formulation was significantly better tolerated and accepted by patients. A reduced rate of bloating and cumulative volume-related GI symptoms were observed in BIS plus PEG-CS than in the reference group. This is not surprising as a much lower amount of non-absorbable fluid must be taken for each session with PEG-CS (1-L only) than traditional PEG-formulation. The new formulation was also shown to be less difficult to complete, of pleasant taste and patients were more willing to repeat it for future examination. Although split-dosing itself may increase acceptance of bowel preparation, the features of this low-volume colon cleansing procedure improved acceptance, compliance and adhesion to bowel preparation instructions.
This low-volume bowel preparation may be a first option for patients who poorly tolerated and accepted large volume bowel preparations for colonoscopy. Better tolerability, acceptance and compliance to bowel preparation may increase the attitude and uptake to screening colonoscopy. This requires a high level of quality as the objective of the examination is to detect even small but potentially dangerous lesions which may progress to cancer.
This single-centre study was carried out in a homogenous group of patients undergoing screening colonoscopy. It should be noted that the high rate of adequate bowel cleansing in both groups is largely due to the fact the sample group was made of motivated subjects aged between 50 and 69 years who came for a second level examination after being found positive to occult blood. Our finding may have important implication for the general population or elderly people who may have lower levels of motivation to undergo colonoscopy also due to bowel preparation.
There are concerns about ischemic colitis related to BIS. To date, no reports of ischemic colitis were observed in the clinical trials reviewed and in the post-marketing pharmacovigilance according to the manufacturer. A causal relationship between use of BIS for colon cleansing and ischemic colitis remains to be established.
Over the last years the pharmaceutical industry has tried to offer bowel preparations which are better accepted without compromising efficacy and safety. Although further evidence is needed, it seems from our study that an important advance toward optimal and easy bowel preparation has been made.
In conclusion, this study evaluated a new low-volume bowel preparation for FOBT-positive screening colonoscopy. BIS plus PEG-CS was as effective but better tolerated and accepted than split 4-L PEG. Bowel preparation before colonoscopy has for a long time been an issue for our patients. Now progress has been made towards better tolerability, acceptance and compliance of bowel preparation. Reducing the burden for healthy subjects may improve their attitude and maximize the benefits of screening colonoscopy.
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COMMENTS
Background
Quality of bowel preparation is essential to identify lesions in the colon. The running time between the last dose of bowel preparation and the exam has been shown to play a key role toward the ideal bowel cleansing.
Research frontiers
Split dose regimen with a fraction of bowel preparation taken the day of the exam may be an effective approach in clinical practice. 
